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[57] ABSTRACT

The effectiveness of gas scrubbing process for the re-
moval of sulfur dioxide from a sulfur-dioxide-
containing gas is improved by employing an integrated
scrubbing process.

4 Claims, 1 Drawing Figure
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PROCESS FOR THE REMOVAL OF SULFUR
OXIDES FROM WASTE GASES -

BACKGROUND OF THE INVENTION .

I. Field of the Invention | - |

This invention relates to a process for the removal of
sulfur dioxide from a gas mixture. More particularly, it
relates to an improved process for the removal of sulfur
dioxide from a waste gas stream in which the gas is

scrubbed by an aqueous sulfite-ccntammg scrubbmg
hquid.

2. Description of the Prior Art |

Gas scrubbing methods are known and practiced
commercially for the removal of sulfur dioxide from a
waste gas stream. However, these methods are unsatis-
factory, particularly from an environmental protection
view, in that the effluent gas stream from a conven-
tional process still contains an-appreciable amount of
sulfur dioxide. At least a partial solution could be ob-

tained by adding one or more additional units of ab-

sorbing capacity to the process train. But this would put
a rather substantial cost increase upon the process. A
better answer to the problem would be to increase the
efficiency of a conventional gas scrubbing process.
Thus there is a need for an improved process for the
economical removal of sulfur dioxide from a sulfur-
dioxide-containing gas stream. - | |

A reference which describes current practices in the
removal of sulfur dioxide from a gas stream is the series
of articles in the publication ‘““Chemical Engineering
Progress’’, August 1972, pp. 43-56. Other references
include U.S. Pat. Nos. 3,607,001, 3,645,671 and
3,653,812, S s

The use of caustic as a scrubbing agent is discussed in

U.S. Pat. No. 1,271,899 and Brttlsh Patents 132.661
and 1427, of 1883.

SUMMARY OF THE INVENTION -

The efficiency of a gas scrubbing process for the
removal of sulfur dioxide from a sulfur-dioxide-con-
taining gas is improved by first scrubbing the gas with a
lean aqueous scrubbing solution and then-scrubbing the
partially depleted gas- with fresh aqueous caustic
makeup solution. The lean scrubbing solution is a’mix-
ture of regenerated ‘and recycled scrubbing solution
and of the used fresh aqueous caustic makeup scrub-
bing solution. At least sufficient of the makeup solution
should be employed to maintain the process in balance
and to provide a degree of gas scrubbing corresponding
to at least the equivalent of a single tray in a-tray-type

10
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gas scrubbing tower. In conventional practice, the lean

scrubbing solution, a mixture of the regenerated and
recycled scrubbing liquid stream, ‘in first combined
with fresh aqueous caustic makeup scrubbing solution
before contacting the scrubbing agent with a gas
stream, for example in a scrubbing tower. Under these
conditions, the sulfur-dioxide content of the effluent
gas stream is sufficiently reduced to meet current anti-
pollution standards, that is, to a content of no greater
than 250-500 ppm of sulfur dioxide. However, even
this amount may be excessive in terms of environmen-
tal effects. Surprisingly, the present improvement re-
sults in a substantial reduction of the sulfur-dioxide
content in the effluent gas stream, i.e., to a value which
may be less than about 75 ppm.
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- Preferably the process of the invention is carried out

by using a countercurrent gas absorption tower. The
sulfur-dioxide-containing gas is passed ‘into the tower
via a port located near the bottom of the tower, the
recycled and regenerated scrubbing liquid is intro-

‘duced via a port located above the gas port, and the

fresh aqueous caustic makeup scrubbing liquid s intro-
duced into the tower via a port above the recycle llqmd
port. |

By a *‘gas absorption tower’ is meant gas absorption

spray-type towers ordinarily used where efficient con-
tacting of a gas wnth a llquld db‘iOI'ptl()n medium 1S
required. |

The FIGURE isa. schematic flow diagram of a pro-
cess employing the present invention for the removal
and recovery of sultur dioxide from a gas.

EMBODIMENT

Referrmg now to the FIGURE, a multi-tray gas ab-
sorber tower, 1, is used for the scrubbing of the com-
bustion product gas stream, a flue gas, from a botler
fueled by a sulfur-containing hydrocarbon. The tower

contains input ports 2, 3 and 4 for the introduction of
sulfur-dioxide-containing gas, makeup solution, and

lean recycled and regenerated scrubbing solution, rc-
spectively. Port 2 is located at a lower portion of the
tower, port 3-is located at an upper portion of the
tower, and port 4 is located at a central portion of the
tower. The distance between ports 3 and 4 is sufficient

to accommodate at least one absorber tray bctween

these ports. Via line S and port 2 the combustion prod-
uct gas stream from a boiler (not shown) is introduced
into the tower..Regenerated lean scrubbing solution is
introduced into tower. 1 via port 4 and line 6, and
makeup aqueous caustic scrubbing solution 1s intro-
duced via port 3 and line 7. The makeup solution
passes downward in the tower and intermixes with the
recycled lean scrubbing solution in the neighborhood
of port 4. Line 13 provides for recycle of makeup solu-
tion as desired. The combined solutions pass downward
through the tower and are exited as spent or fat scrub-
bing solution from the tower via line 9 for delivery to
absorber solution regeneration unit 10.

The sulfur-dioxide-containing gas passes upward in
the tower countercurrent to the flow of the combined
scrubbing solutions and: upon reaching the cnviron of
port 4 has a substantially reduced sulfur-dioxide con-

tent, for example about 250 ppm (weight). During the
further upward course of the partially scrubbed gas,

contact is made with the fresh aqueous caustic makeup
solution, and ﬁndlly the *well-scrubbed gas is exited
from the tower ! via lme 11 for discard from the proceqs

system.:

The fat (sulfur-dlomde l‘lCh) scrubbing llql.lld deliv-
ered to regenerator unit- 10 via line 9 i1s regenerated in
a conventional manner, for example by steam stripping,

to remove sulfur dioxide and water vapor, which arc

withdrawn from the regenerator via line 12 and passed

to a suitable and conventlonal sulfur dioxide-recovery

unit (not shown).

‘Via line 14, 2 mother liquor bleed stream is with-
drawn from the regeneration unit for recovery or dis-
posal, and via line 13 reject solid, for example precipi-
tated alkali metal sulfate, 18 w1thdrawn from the unit for

-disposal.

The conditions for thc rcgencration of the spent ab-
sorbing solution are ordinary and may vary, depending
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upon such factors as the sulfur-dioxide loading, the

relative amount of sulfur trioxide in the gas feed, the

temperature and. pressure conditions  desirably em-

ployed, and the like (see, for example, U.S. Pat. Nos.

3,653,812, 3,645,671, 3,607,001 and 2,122,544).
Rnutmcly employ{,d elcments, such as dumlmry prn-

cess elements, pumps, heat exchangers, stirrers, and
the like, have been omitted from the FIGURE as being
within the ordinary skill of the art. On the other hand,
line. 13 is included. to represent an internal recycle
means uscful for balancing the flow for the process
where makeup feed rates are desirably minimal,. as
where the sulfur-dioxide-containing feed gas contains
rclatively little of the sulfur-oxide gases (SO, and SOy;).
The gas scrubbing section, for. example mn the absorber
tower, may vary, ,deL,ndmg upon the usual process
variables. !

Conventional gds scrubbmg conditions include the
efficient contacting of the gas with an absorption hquid
at a temperature in the range roughly from 50° to
250°F., a pressure in the range from subatmospheric to
5 atmospheres, a concentration -of sulfite salts (see
cquation 4 below) in the scrubbing solution in the
range roughly from 10-to 35 weight percent, and flow
rates (contact.-times) which result in the reduction of
the partial pressure of the sulfur dioxide tn the gas to a
value which .for practical purposes closely approaches
the equilibrium value. While any efficient contacting
means, including stirred tanks, venturi nozzles and the
like mixing devices are suitable, usually, and for practi-
cal reasons, an ecfficient gas scrubbing tower having-a
design and construction well known in the art and uti-
lizing gravity flow of the scrubbing liquid and counter-
current flow of the gas feed is employed. The principal
‘reactions involved in thec absorption may be repre-
scnted as follows: s |

X 11-1 NHES(-IliH--F_-;-S():., - H,O - INaHSO,
'  (2) S{j_.,,{ Na,50; — Nu._,so,_.{- 50'7_!*

(3)2NaOH + SO, = Na,S0, + H,0
‘and’ in-the rcgcneratio‘n (desorption):
.(4) 2NaHSO, — QQES();_} H,O + S()._,.,-

Tcmpcrdtures‘. employcd for the regcneratlon are con-
ventional, and are usually in the rangg 1 75°F. to 400°F.
The pressurc employcd is low enough to facilitate effi-
cient vaporization of water, i.e., a subatmospheric pres-
surc for a low temperature dnd perhaps .as hlgh as 5
‘atmospheres where an elevated temperature 1s em-
ployed. The time rcqmred for the rcgcncrdtlon varies
for the usual rcasons, and is in general in the range 0.5
to 4 hours. -

Feced gases suitable for use and contcmpldted for use
in the process. of the present invention arc sulfur-diox-
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‘ide-containing gases which contain a moderate amount

of sulfur dioxide, that is, an amount in excess of about
100 ppm (weight) and below a large amount for which
other recovery mecans are more practicable (condensa-
tion, etc.), i.e., below about a 50 volume percent con-
tent of sulfur dioxide. Preferred. fced gases for use
hercin are combustion product :gases. Representative
are combustion gases obtained: (1) from the burning of
a carbonaceous liquid, a solid fuel or a mixture thereof;
(2) from the incineration of a reduced-sulfur-contain-
ing gas; (3) or the like. Still more preferred feed gases
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for use herein are of:the cldis referred to in gcneral In

“the art as being * ‘waste gases!’.

The feed. gas -may.- also COI]tdlI‘l sulfur tr10x1de in
minor amounts rclative to the sulfur dioxide, i.e.. up to
about 25 volume percent, based on the sulfur d10x1de
Preferably little (less than 500 ppm [welght]) Or no
sulfur trioxide is present in the feed. gas: |

Other representative -sulfur- d:omde -containing feed

gases include stack gas; smelter gas, ¢.g., ore-roasting
.gas; partially scrubbed coke-oven gas; impure hydro-

gen; incinerated sulfur plant tail gas; waste gas; acid

gas, sulfuric acid plant tail gas; synthesis gas; flue gas;
and the like. A gas which contains a moderate amount

of sulfur dioxide, as stated above, and. which contains
one or.more diluent gases, such as carbon dioxide,
carbon monoxide, nitrogen,,hydrogen, and the like, 1s a

preferred.feed. - | - o
The mdkeup solutlon (fresh scrubbmg solution) re-

qunred herein-is an aqueous solution of strong caustic,

i.c., of alkali metal hydroxide, carbonate, or a mixture

*thereof The concentration may. vary froma reasonably

dilute (about Q.5 normal) -up to a substantiatly satu-
rated yet pumpable solution, i.e., a.solution having a

.viqcoqity at temperature below about 100 centipoise.

- What is claimed is:- . ;.. - . |
1. In, a process for removmg sulfur chox:de from a

gaqeous sulfur dioxide-containing feed by means. of a

lean aqueous-sulfite- -containing solution in a gas scrub-

bing zone, said lean solution comprising. regenerated

sulfite-containing solution and makeup.solution by:

a. introducing the lean solution into the scrubbing
zone;. ¢ : * :

b. mtroducmg the feed into the scrubbmg zone and
into contact with the lean solution to form a fat
solution and a resulting gas having a sulfur dioxide
content which is less. than the sulfur dioxide con-
tent of the feed.gas; E— .

C. wnthdrawmg the resulting gdq from the gas scrub-

bing zone;
d. withdrawing the fat ‘solution from the gas scrub-

bing.zone; ... .. .

e. passing the mthdrawn fdt qolutlon mto a stripping
~ zone and forming.gaseous sulfur. dioxide and said
regenerated solution by stripping said fat solution;
- f. w:thdrdwmg Sdld sulfur dioxide gas from the strip-

- ping zone; and

g. wathdmwmg the rcgcnerdted qolutlon from the

~ stripping . zone, and forming said lean solution by

- adding makeup solution, . said mdkeup solution
being aqueous. alkaline Cdi.lSth sclected from the
group consisting of alkali metal hydmxlde carbon-
ate and mixtures thereof

| the :mprovemem which compnseq ecrubbmg said re-
35
_tion prior to said dddltlon, said qc:rubbmg being ef-
fected by employmg at least sufficient of said makeup

sulting gas, with at least a portion of said makeup solu-

solution to maintain the process in balance and to pro-
vide a dcgree of gas scrubbing corresponding to at least
a single tray in a tray-type gas scrubbing tower, thereby

reducing the sulfur dioxide content of the resulting

effluent gas stream to a value less than about 75 ppm.
2. The process as in chum 1, wherem said process is

a countercurrent gas acrubbmg Process.

3. The process-as in claim 1, wherein the remainder

of the gas comprises onc or morc gases of the group
“carbon dioxide, carbon monoxide, nitrogen, and hydro-

gen. | . T
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4. In a process wherein sulfur dioxide is scrubbed
from a sulfur dioxide-containing gas stream in counter-
current contact in a gas scrubbing zone with a lcan
aqueous sulfite-containing soiution comprising regen-
erated sulfite-containing solution and makeup solution,
said makeup becing aquecous caustic solution sclected
from the group consisting of alkali metal hydroxide,
carbonatc and mixtures thereof, wherein a scrubbed
gas product of reduced sulfur dioxide content and used
scrubbing solution are withdrawn from said zone,
wherein sulfur dioxide is removed from said used solu-
tion to produce said regenerated solution, and wherein
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said regenerated solution is returned to said zone, the
improvement which comprises countercurrently con-
tacting said gas stream with said regenerated solution
and then contacting said gas stream with said makeup
solution, said scrubbing being effected by employing at

least sufficient of said makeup solution to maintain the

process in balance and to provide a degree of gas scrub-
bing corresponding to at least a single tray n a tray-
type gas scrubbing tower, thereby reducing the sulfur

‘dioxide content of the resulting effluent gas streamtoa |

value less than about 75 ppm.
* 2 S * * K
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